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(Abscisic acid; ABA)*^?g < « 'J - W^*^^*** ^'^^ '^^ ^. 

gitatABASffMSSSt ABA^^«cS«l«!Sl-i'J■>^'+^^6a^^• 

t 5 7 ^ ^ i y 9 7 ^ ^ -^*>-*«3 tv. 3 ^ <- ^9 

A. et al. Plant Physiol. 100:226-230,1992, Oo«s J.J.J, et al. Plant Phys 

ioi. 102:1185-1192,1393). 

C ^ -> D ^- J! + X+ ffl ABA Xaa « * S aba 1 ffiS T T- (iSW T- S «: V ^ 

Bt-«n>?.-r<'^o-c'.^s. L. *^ u *>■ , ABA ^ca^st*««^<-fc■v^■ctt. 

^^.reiaLTfclSST*^!:*^***. ^*'J ABA ^««^ * 

S:«lii^t<D®TliK.«>^.t.'^v^(Koornneef. Met al., Physiol. Plant. 61:377 

.t. c n at Plant Cell and Environ. 14:601-606, 19 

-383, 1984. Duckham, S. C. et al., fiant uen 

. I 4 n Prnr Natl Acad. Sci. 88:7496-7499, 
91, Rock, CD. and Zeevaart, J.A.D., Proc.Nati. Acau. 



1991), 

mMfim^^tl^cCV^(NaInbara, E. , et al. Plant J. 2:435-441. 1992, Kriz, A. 
R., et al. Plant Physiol. 92:538-542. 1990, Parcy. F. . et al. Plant Cell 
6:1567-1582), o ^ U COc^T^atg-T ^ ABI3 

b 1/ ;^ { I >rt U T iilf o ffi ^ m S ^ ^ ^ t g T 5 It { ^ ^ i- ^ 

(2) ±Ha;^^^^^y-^^^^^^J*^5-?f±^ Ji;T(D(a)3Z.{i(b)a)a^5?-C'^ 
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(3) ±m:f3^^^j-ji^^mmmi^'¥-it. iixr(n(c)5ntid)(DmB'^-€'$> 

gj^^L < (ii^ip^n/cT ^ y ^SB^'J^^^. ^■^^^y-;i/'&^rS14^W-t6 



il/i^'T'tS. ^ A#:S^{' (i. Liu, J.J. et al.. Plant Physiol. 109: 505- 
511, 1995 {Iiaic$tlTV^-5:^^('^D-CMl^-r§ - i:*^'T'#S. -r^;b-fc>. 4inM 
MnClz ^^ti'S:J^:^IS^fJm(50InM Hepes-Na, 2mM DTT, pH7.0), {CMI^M^®:5?> 
/•^^K 0. 017rag 30°C, 15:$[^rBl-r h U/cf^. 4raM \m-ii=7^ h — 

20mM myo— r y h— ;PStf 0. ISing BSA ^iP^, h — i$? Iml CD^^-C' ^ f' 
30°C. 30 ^fal't' b UT;y"^ 

^^^y -^^^r^a-r-S, SJ^T^f^ 2ml (7) cold 100?^ EtOH $:ilP AT ^ ^ 

ii ^ ^ =^ J — G e n B a n k ^ ^'(7) x — ^ ^ — 7. ^ ffl V> 

^r^^^l-s:: i:(iJ;oT. ^^Se^'JIf c h ^^'Ti- .iN^p->'- 

gf^irXPi7'^ A(iL ipman-Pearso n ^^f^i^ffl U/i G E NET I X- 



C^*31^5^^m#-r^^^*^-^'t^« nhnt.±AmB^it. Soluble Protei 
n Expression System(INVlTROGEN tt)^. Tight Control Expression System (IN 
VITROGENl^t) QIAexpress System(QIAGEN tt)/^ CD:^ «y b 

{IOV^-C{i, Plant Molecular Biology. A Laboratory Manual (Melody S. Clar 

ik (Ed.). spTing.r)^^y^^m\.<t^m^nx^.-?>. 

i U/hpoly (A) ^RNA^^^bcDNA^^X^U-^^mU. C 0) c D N A 

=■= R (polymerase chain reaction; UcCOL^anav 

jjATr* poly (A) *RNA*»'b*-5i'?^V-;l'^SKB^a6?*»J»^ 

+ Po.y (A) *RNA«f4*SPatbT«i, ^'5 

NAft}**-raf:i*. si,*i<s«ffl*'^^^RNA*q»5,n**^i«ffiBafs 

A*>ii*Un' (dT) JI»%«V^Tpo 1 y (A) *RNA4^M!T-S5. 
^RNA4«*tti'..PO ly (A) *RNA?:f#6^i:«T-S**-vh (MPG 
Direct rtNA Purification Ki t. CFG, INC. tt^) ^:ffifflUXt^v^ 
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c DN A^^ U -$:{^M-r6/c<i?){I(i, ^Tpoly (A)^RNA^^ 

{IJ;-pT-*IIc DNA^^^L, -a}n7V> (Gubler and Hoffman) 

:t ;^ T - — (Okayama-Berg) (Molecular Cloning 2nd edition. Cold 
Spring Harbor press, 1989) WiZ ^ 0 c D N A^^^-^ ^ , — 

;^^^^^it{E?^D^iift;6^■^i,-;5:v^jt^^I{i, p C R'^^ijffl L/c c DNA^-T :/ 
V y — f^M^-y h (Capfinder PGR cDNA Library Construction Kit(CLONTECH tt) 
m) ^ffiV^T, PCRflckoT c DNA'SrmipiUTt; cl:v\ CI CD J: ^ C U T-^^ 

-©ck -5 (::iSItUT^^L/cy^-r v-:S.t/>V ADNA^Mv^T PCR ^tf -5 
C h (I J; T , /^ -r ■7" U -tf'- :^ 3 > ffi f -5 :^ P - =5: #^1" -5 C ^ ^^'t:- 
§■6. ^tz^ V>t3l^§RACE^ (Rapid Amplification of cDNA EndrPCR PROT 
OCOLS A Guide to Methods and Appl ications, ACADEMIC press INC. p28~38) 
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(3) poly (A) ^RN A^^?M#{:: J: oT^® 4-^ - h - A 3Z- 
J: U a c DN Aff>T-^#M> IXt#-rSo 

(5) /^y^i |<f|,fjt(DT ^ ^ ^SB^'J'!'"^jfi^^^°^'l' ^"'^ "^^^ RACE}* 

NA^Irjfi'^^^Ja^^^-f-*-^'^'^'^^^^ ^ ^ l¥U<(i, Plant Molecular Biol 
ogy-A Laboratory Manual (M. S. Clark(eds. ), Springer) ^ ClBfS $ tlT 6 „ 

Iffl # { I SB « ® ^ ^ c J; o * ^JJ ^ ^ ^ ^ ^ f - =^ ^ ^ ^ ^ "^^ ^ ^ ' 

>/^^K'5:=i-Hi-'5t^^^. 3Z.(i. iB^'J#^ 1 ©T ^ ^ i^lB^iJt^fc^t:^^^^'^^^ < ^ 

^•^ ^ ^ y i: {i. MB^'JS^ 2 ©T ^ V |g@B^>J ^ > 
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©{sat;-® 1 < (iicfacDT^ y s^®a^. wx. nm. :zitmiiL^^ 
tj "7 ^ ^ ^ - ju-^^mmi^ y ^ ^ — }^ ^ (Dx- $) ^\'\ ^ 

UD P-;/?'^^ b— 7.i:my o - y :iy ^W^SK^l UT;^'^i7 5^y 

ud p -;^7"^^ h— y^hmy o --r y 

Liu, J.J. et al., Plant Physiol. 109: 505-511, 1995 (CsB 
«$tlTV^-5^^{l2pbT^iiI^i-§ C i:*i"T't6. 4inMMnCl2 
i^:^^SM?S(50mM Hepes-Na, 2mM DTT, pH7.0), (I^PJl^M^© ^ ^ M 0.017nig 
^iP;^30°C, 15 ^Pa^^ h L/cf^. 4mM UDP- ^ ^ b — y. . 20mMmyo- 

-r y b— 0. 16mg BSA '^llP;!. b— Iml COJ^-C-^ ^CC 30°C. 30 ^fal 

>'=^:i^-b UT:^'^^f^y-;i/^^Sf&^=ffv\ Kjz^m^ (o y -^7 ^ j — )v 

^MM-r?>o ^=Cfc\ Si^^m 2inl O coldlOO^EtOH >^j]PA-C;^'^^5^y -^l/-^^^ 

1 ^/i(i2 (i^^n^;y"^^5^y a o %iik±. 

in vitro ^^2iA?**^'^lf^^§ PCR C ct S in vi tro mutagenes i s. 
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151-158 mm i&'^^^m. mmx.^mmmnT.^-^yv-xi 

(i N-^^;lx-N' hP-N-— — (NTG) =fe U < (iMfii^^co 
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}5fev^©^{^T'*-S 6 0°C. ixSSC, 0. 1%SDS. ^f*U<{i> 0. ix 

ssc. 0. 1 % s D s {cis^-t€.J^i^Si:vN^ ^-r x-rs^{^>b^'#tf 

^ do v^T (i, rff BgcDrSti^ii^ ^ ^ - o t':^'^ ^ ^ y 

^T&^'WT'SrgtttD 3 0 %J^JL±, U < (i6 0 %Ji/>±, ^ L< {i8 0 % 

^^ij^'T'tSo ;^'^^5=-y-;i/^^»^jt<5? ^aSA-r-s^cti. m^®xn^- 

"fSo %3^^i:7i$7 — l¥L<{i. Plant Molecular Biology-A 
Laboratory ManuaKM. S. Clark(eds. ), Springer) >^ ^" H gB«4^ tlT ^ 

- 5 8 9 1 7-l-^fg#m) . ^1/^ h D.-Kl/-->3 (#^¥5 - 6 8 5 7 

5^^|g#PI) , /W^^ (!itr?fW5 - 5 0 8 3 1 6^^fg#m) # 

'Ir^lf^)-! i:;()^'-C^t-5o ftfl, 7 ^?4ffit){^Mi--5?f^SfEj^(i. Plan Cell 
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Reports (1987) . 6. 321 - 325 {CgB«£tD^?i DTtf ^ ^ ^ t 
X\-^nt ^^m%i.m-^. Pro. Natl. Acad. Sci. USA. 86. 145 (1989). TIBTECH, 
8. 145 (1990). Bio/Technology, 6, 923 (1988). Plant Physiol. , 87, 671 (1988), 
Plant Physiol., 91. 1212 (1992). Bio/Technology, 6, 915 (1988). Plant 
Physol., 99, 81 (1992)^{CiB«cD^?StcmbTff^:i^*v-0-tS, ^ {I^-T 



^*t1^^ ^ttMfflf^^?!-^^^^^ 
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^jjCC. ^cDtttBv^^^HPLC Cj:U^*i-^» 
HPLCdi^LT. mXlt. |f^*/fS/7.7^ADX 5 0 0 (CarboPac MAK /^^V:^ 

2{^t,^h 30 {g. J:U»^b<{±575)^b 20 (S©fiJg i: S ^ ^ ^ ^^"^^ » 

:i::-e. -^w^^rSttti. Liu, J.J. et 

al.. Plant Physiol. 109: 505-511. 1995 HKm^ nT bTiO^ 
-r^^tiO^X'^^. *f*Wf'{i. 4mM MnCl2 ^^OSfS,fI»r^^(50niM Hepes-Na, 2 
mM DTT, pH7.0), {i^iJ^>Pf ^© ^ V^^^ M 0. 017mg % in X. SO'C. 15 ^r^-Y V ^ ^ 
^-bU/cf^. 4niM UDP-;^;'^^ 20mM rayo-^ b -^V^tJ'' 0. 16mg BSA 

^mX. 1ml CD^-t:-^^b{l30°C. 30 > ^ ^' ^ ^ ^ 

CD cold 100% EtOH ^in^-C;^'^^^y-^l-^^^f£^^^Ji:^-t^^^^*'"^'^^° 
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^■'LTt^<. m^^6^(r(i, ^ >;x.;u:7>j-^.- h (EMS) ^©{b^^ 

:7;t^-^-h (EMS) ^(^-fb^^Mf'J^&ffiV^Tff/c^Mi^J; U^aS^atBL. 
^jL7.^lymf\. J^^-f-^ (EL ISA) f£t'X\ 
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i^A T ® ^JSf^lJ (I PI ^ ^ tX ^ T' ^ V ^, 

mmm i 

;l'-^^^^3t{K^AH^P^"" wsi76 (water stress-induce 
d) CDi^Sig^iJ (Takahashi, R. et al. Plant Mol. Biol., 26:339-352) ^^(C 
L/Ty^Tv h-y- — 5^(Blast search National Center for Biotechnology Infom 
etion, NCBI :i>n-r ^ ^X-:h^fe#:i^Sie^iJ(' D i^'^ 

3fM^M.mL/c, cn^T. b i':^i^^^^(D 3mm-km^-r?>f^ib(Dzf'^-c ^-■ 
-7 — 1 : 5' -CAAGGATCCGCAGATCACGTGCTAATCAC-3' (iB?iJ#-^4) 
y^-r x' — 2 : 5' -CAAGGATCCCCTGGCAATCAAGCAGCGGA-3' (ia^iJ#-^ 5 ) 
:/^'f -7— 3 : 5' -CGCCACAGTACAAGATCGGTTA-3' (i5^>J#-^ 6 ) 
y^-r n'— 4 : 5' -CATGAAGAGGCGTATGCAGC-3' (ie?iJ#-§- 7 ) 
y^-r ^— 5 : 5' -CTTTCTCGGACAAGATGGGA-3' (Se^'JS^ 8 ) 
y^-f 6 : 5' -GTGTTGACAAGAACCTCGCT-3' (S5?'J#^ 9 ) 

-ya^ ^i-xi--^^i^DNA^mmtLx. y^-r ^- 1 :&t/2 =5:ffiv^/b pgr 

AtGolSl (I-^^tl-SDNAiffK-T'^So ^/c. |WJ<»{' ^^-T V— 3 :S.t>'4 ^ffiv^ 
PCR-C-tHiS^tlSDNAfi. □ ? -:^X^{I fc^t 5 ^ ^ y 

AtGolS2 iZ^^tl^DN Am)^X'$)^, -/^-(^-5 ^Xj 6 ^m^^t:^ PGR 

AtGolSS (I-^^tl-g) DNA^jtT'^^o 

^PCR-C-tiitisU/cDNAif>T'^ pBluescript II SK+ (Stratagene ^±M) © EcoR 

V -tf-r hd-^n-f^'nsufiiK^^ p-->^'u/c. ^DNAHfJt^^ d-->^'u/c 

S cDNA ^-r 'J — (Seki et al. Plant J. 15:707-720, 1995) ^ 7. i; — > 
:i7' U /c, «! C T't# h nfz%±^ cDNA ©i^SSe^iJ % L /c. 
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2. -;l/-^^P^Ig^5^CD%ll 

TfeT. MS JgJtt ( A -7 ^/^y^ ^ — ^'(Murashige and Skoog 1962)i§tte„ 
it. 1 X B5 VitaminCGanborg et al. 1968). 0. 5%MES. 3%sucrose. pH5. 7. 0. 
SXag&r) a ^ i- X i- (Arabidopsis thaliana, Columbia, wt)(7)fl-? ^Ji^l 

{;>rtLT^^i7. M/y^^#^^c„ ^fz. 250inM NaCl mm (-f :t >'3Si^7K{^ NaCl 
tz. ^hiZ^ 250inM NaCl J^y^Cf^^T IQ-'mM ABA ^ - 1/ Cl^ ^\ MS ^ 

- h i: u 51 1 ^£v^/c ^> p :^x-^ ^ ?t-r ^ i: J: -t:. -yu-i ^-txx^^M 

RNA ^t^a^iLtz (Nagy F, Kay SA and Chua N-H (1988) Analysis of gene expr 
ession In transgenic plants. In Gelvin and Schi Iperoort, eds. Plant Mole 
cular Biology Manual, B4. Kluwer Academic Publishers, Dordrecht, pp 1-2 
9)„ 'i^hnrzKNAmm^ l%cDT;^'P-7.y;W^fflV^T l Iz-V^/cU Sfxg-r 

> iXzfT.^'^-^J) (ifE^L/c, mhr\^fzX^ ^yx\yy^ J -^yXu 

^ K^^gy i: UT. DIG RNA Labeling Kit (SP6/T7) (Roche tt) ^S: ffi DIG T' 

^^;i/U/bRNAyp--7''&fflv>/co \^fz-b^-^x. c©y — tf'vXp^y hMt/f{^ 

J: U> b \/7.^^7Lfz>i to AtGolSl~3 cD^I^^ItiSt-^ - i:*^'T't6, 
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iyu-( ^i-Xi-iz-^li^ AtGolSl~3 (Dm^'^M%li^t^M%m&^M'C'$3^. -ti 

hmiMm2{z^-r^o^z. Atcoisi ]5it>' Atcoisz m^7.hu:^:sLXfmiM. 

^/cit-&C(i. AtGolSl :&r/ AtGolS2 T&^'^m^^^ tl'Tl^So 
3. AtGQlSl-3 ^ >/^^M<^^t^ 

AtGoisi~3 i5? v/^^M«^fcMt'5;^'^i:7 5=-y -;V'^^rS'l4^5tM.-rs/c<st). ^"T. 

AtGolSl~3 ^ V/^^K^ffiMU/c. ±iE 1 '(:^mmbtz^±A cDNA ^D->{C*5 

(-^^ V^'Mi^?:. TiBcoy^-r PGR H J: U^^L/c. 

^ -^_-7 . 5' -CGCGGATCCATGGCTCCGGGGCTTACTCAAAC-3' (165^0 1 0 ) 
^«^^^_8 : 5'-CGCGGATCCCCACCGACAATTTTAACTCCTGG-3' (iS^'J#-^ 1 1 ) 
-7"^ ^ ^__9 -5' _cGCGGATCCATGGCACCTGAGATCAATACC-3* (iB^iJ#^ 1 2 ) 
^_10 : 5' -CGCGGATCCGAGGCGTATGCAGGAACGAGC-3' (BB^'J*-^ 1 3 ) 
-7-^^^_n.5'_CGCGGATCCATGGGACCTGAGATGAACAACAAGTTG-3' (SB^iJ#-^ 1 4) 
y^^^_12:5'-CGCGGATCCCTGGTGTTGAGAAGAACCTCGCTC-3' (@B?iJ#-^ 1 5) 

-r>:<;^*>. -f'p^^-iMS ^fflv-T AtGolSl ^vy^^KcDzi-T^'-f >^'fl 

it>S:tiliL., ^^-1-^-9:^0' 10 ^ffiV^T AtGolSZ ^ >^^^M® =3 >^'^I 

m^mmL. -/y^^-n M 12 ^fflv^T: AIGoISS ^>^^^Mcdzi-7^'^ v^- 

^'^C, tt^tl/cDNAif)!^ pBluescript nSK+ (Stratagene) CD EcoRV -it-r 

(GST) jSiS^^-^O pGEX4T-I (Amershara Pharmacia biotech) CO BaraHI it-t' h 
iZyU-Aii^-ko ^Ol>Z^O-^y^-'L. :3^p< 7-7°^^^ K pGST-AtGolSU pGST 
-AtGolS2:Rtf pGST-AtGolSS ^a^b/io cm^? pGST-AtGolSU pGST-AtGo 1 S2 3Z- 

(ipGST-AtGoiss ^m^-'cizmm Mmm^mmmL. ihim^X'srcx-mm 
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2 

m 



>y7 7-[10 mM Tris-HCl (pH8.0). 5mM MgCl, 5% glycerol, 0.1 mM phenylraet 
hylsulfonyl fluoride (PMSF) , fc^ J: t>' 0.1 mM dithiothrei tol (DTT)] (C^^IU 
/c» GSTlife-^^ >/'^i:7K(i, glutathione-Sepharose 4B [the GST gene fusion s 
ystem (Amersham Pharmacia biotech)]'!: ^ D "7 h 7 ^' J: U If MU. 

^©m. bP>lf >m;-5 GSTgP^^>5:^ifU/c. ^t^ti/c^ V/^^K^Omti P 
rotein assay kit (Bio-Rad, CA, USA) ^ ffl V^-C}^^ U /c, 

GST-AtGolSl ^>y^^M,GST-AtGolS2 ^>/^^K:&t>'GST-AtGolS3 
{I^5^t-5^■7^^y-^^^fiS:r^'l4^ Liu, J.J. et al.. Plant Physiol. 109: 5 
05-511, 1995 {IgE«$n-Cl^-5^^{^mbT?Pil^U/c. 4mM MnCl 

^-^t?^fc:>MM(50mM Hepes-Na, 2mM DTT, pH7.0), ^ V^"^ ^ 

O.OlYing^in^SOr. 15 ^r^^ W L'^c^^. 4inM UDP-;^'^^ b-^. 2 

OmM rayo-l-y S^h-;^:5.t>'0. 16mg BSA tiP^. h-^;V 1ml CDJ^T'^ ^bl^ 30°C. 
SO^J^-ra^l- b U-C;^"^^i7f^y-;l/^^S^&^ff o/c. 2ml (D col 

d 100% EtOH ^in^-C;^'7^5^y-^^o^^^&^f?it^-t±7':io 

GST-AtGolSl ^>/^^K,GST-AtGolS2 iS?>/^^K:&t)^ GST-AtGolS3 ^S? V/^^M 

~D GST-AtGolSl GST-AtGolS2 ^>/^^M^t/GST-A 

tGo 1 S3 ^ V / ^ ^ K fi. ^ n ^" n ^' ^ ^ ^ y - ^i^-^ ^rStt ^ * i" ^ ^ ° 

±Ha 1 ~ 3 -O-0J^>OMr>&:o/c J: 9 AtGolSl AtGolS2 (i, 

AtGolSl ]5.t/'AtGolS2 'IrilfiJfglii-^ b^V^S^'^n- 
'y ^m^f^ttib/io {ifcf^^^J: :iyD^^-:hX^(Arabidopsis thaliana 
(L.) Heynh. Ecotype Columbi a) % ffl v^/c, ^ © □ f ■:^X■:^ {i. i^a± ^ 
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^£7) 35S 7°p^ — ^ — t pBE2113 ^^5^ ^— (Mitsuhara. I. Et al. Pla 

nt Cell Physiol. 37 : 49-59 (1996))jb^b GUS 1/ ^ -3fil5? ^ U 
^^-(pBE2114N0T)=§:{^mU. $ t> ;^ ^ V ^ > WttillS? ^ ^'nv-Y^/ 

vittta-fK-ftia^u/c^^^- (PBIG2113N0T) ^yu^ y^i-Xi-ii-^h 

^miyfz AtGolsl~3 (D\^^-^M^(0 cDNA ^^(D BamHl -it-f b fwiE:5"[R] ("fe 
[«]) {I^*gU/ct>(D^f^mU/i, ^/c, AtGolsl~3©V^-rt^>{)^COcDNA 'I:. pBlG2 
113N0T(DBamHI -9-^ bdj^:^!^] {T > ^ ^ ^ 7^15 \^) (iM^S L ^ (D {^M U 
^f^btl/c^^^-^HWil'&^St-c); U±±8^fflM(Agrobacterium tumefaciens s 

train GV3101 (pMP90) ) A U T^c. @ W^S^S^ ^ » A U ±M® % ^ 
iy>(Kni)W'|4CJ; UiiiRL. iti±r5il}*(Bechtold, N. et al. C. R. Acad. Sci. 
Paris. LifeSci. 316, 1194-1199 ( 1993) ) ^ =fe V^-Cg^^5y D ^ 5^ ■^hX-:^ 

CD^^C'fsgffi Ut^c. s^<*:a*J(w{i. ||2iti:f^{Il#: (T2) (Dfl^'^ 10|ag/ml ^' 
^fR]{i»AU/c=fe.®{i^WU/cv^O^^^X:h=l: MS :7>- b J: U tig 

J; 'J»Ait'f5^t^^Jti?:5illl>/i*S^^!a 5 C/T^-To m^r^^-t AtGo 
Isl ^^AUT^cJi^, No. 1 ^Xf 3 (Ifc^u^T AtGolsl ^{5^ U "C 
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fc'j^ cnb No. 1 :)^t/3 ^ h ^ >7>t/'x^>y i^/ffitli: L/c, ^/c. AtGols2ji{5 
^ ^2iAL/cit^. No. 11 &tJ 29 (IfcH^T AtGols2 31(5^ /i»^'j§iiJ^3^ U T U . 

::tt^ No. 11 J^tf 29 ^ h ^ >7.:y'x^«y i7*it!i^i: 

^j: > AtGo 1 s 1 mi^^:BLtf AtGo 1 s2 3t (5? ^ 7 > ^ > I«I {' # A /c it-^ (D A 
tGoIsl ji{K^:^tJ''AtGols251{5-?©^ia*^'en^"ti5SISU/b|g:ll=fc[ll 5 {I;5^-r, 
HI 5 {I ^"t J; ^ (I, AtGolsl 51(5^^7 >5^-tr>;^:^lB](i#AL/cit^. No. 4 ]5. 
t>' 8 {IfcV^T AtGolsl jt^E^/i^'^TO^'J^tlTWc, ^/c. AtGols2 jfi^S^ 'S: 7 
>^-tr >7.^[o]H^AL//i:^^, No. 1 5 flfoH^T AtGols2 ?l{5?;^)^'^3^?P$!l 

■?-LT. AtGols2 jg{E^ ^^AU/c No.29 ©fl^. AtGolsl 5S{5^'& 7 >^-tr > 
7.:e'[n]C2SA Ut'c No.4:&a' 8, :&t>'pBIG2113N0TcD<?^t^3iAL//c^i:7^ — n > h 
n-;l/Cov^T. ±3B(I^-r*«i^^^^O*^:/l/— b (Valvekens, D. et. A 
1. Proc. Natl. Acad. Sci. USA 85, 5536-5540 ( 1988) ) tljf II U 2 31P^^iS U 
/c. #f5tl/cffl!f^{*^± (/^-^ ^^-^ ^-f h : Z-^-^-r b = 1 : 1 ) ^ Xntz 
ittl 9cm 5 7.7^ ^"yii^^.-Js.y h {14 IlI-f*:-ro^n^'n^1SU. 22°C, 16 B^r^ 

■to 

ZCDme (r^-r J; ^ AtGols2 iS{K^=l:?ifJ^3^i'S No. 29 CD b V 
— y^m^lt. AtGolsl il^K^flOV^T^mPPf'J^^/c^t'f^^^S.tr^i^^ ^ — 3 > 

^^-3 > b n-;l/S.t/No.29 {-ov^T. Ss?t7KM5I^1$^ 17 Bft{^#0S^^i±, 

1 7 BflCSo^7KUT^^^ — :3 > b ^l/^^^'tt^bT L ^ ^ J: -5 ta^i^X- 
$)'oXt. No.29 (i^Wt:-t § 

{^^■r. in 8 ¥0 -5 i: ^ . No.29-t;-(i, — At 
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;^UTV^/c„ -r^cC^o^m 8 (I^^J: 9 {I, Mtl/c^glfciMifti^^-rS No. 29 (i. id 
i: ;&^'T' t S w h *^'0J ^ -p /c, 

i«©7j<^^^*^^SU/c*g:^^lll 9 fl^-To H 9 (l^i-J: ^ {w. No.29 T'(i. 

^^^s^-cD^^wi-siflf^i*^]?:?/ AtGoisi m\i^=^t>^%m.m\-^ntzm^i^^):t^ 

[HI] 

±ffiAT:-^WU;'ci/P'l' ^ :^X:^HfcM:t^ AtGolSl~3 ©^3^^ .^g-S;^ h 
^ # /c 4^ fj 51 IS L /c m ^ ^ Kj ^ * ^) S „ 
[112] 

S^^ — l/±T'^WU/c->'n-Y THX-:^{Ii^{:t§ AtGolSl~3 ©^l^^.^flx h 

7; ^ # /i ?J -C- 51 M U S M ^ K ^ K -C ^ § , 
[HIS] 

GST-AtGolSl ^ >/'^i:7^, GST-AtGolS2 ^ ^y^'^^^'RU GST-AtGolS3 ^ >7-^^K 
(Cfc{t'5^'^^^y-;l/^^?g'l4^^Jl^L./c|iS^/T^t-f#'f4[lIT'*U, A \% GST # 

B GST-AtGolSl ^ >/-^^K©it^T'*) U > C GST-AtGolS2 
i$? VZ-^i^K^TDlt^T'^) U . D GST-AtGolS3 ^ V/^i^^^coit-^T'^S, 
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[1114] 

[H 5] 

h ^ > 7. s^' X ^ ^ m.m ^ {-t h # A«<E^©^ii» . J -^y-fuv 

[06] 

h h l/7.^#x/cJ: t^D^W4^ll?:^i-^*■r' 

[07] 
[08] 
[09] 
[0 10] 
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(d) sfi^ij#-^2©7^ y i^BB^[j{3fc(tsii'^^< tt> 1 5Litmm(Dr ^ ^m^^x^. 

(e) @B?iJ#-§- 1 OT 5 y ^IB^'J^^t;^^ >/-^i^Ko 

(f) Ba?iJ#-^ 1 ©7 5 y i^MB^'Jtifcf-tSii'-^ < t l y^itmrncoT ^ ^Wii^X^. 
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(g)BB?iJ#-^ 2 0)7 ^SB^iJ^^Oi? >/^i^M« 
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mm] 
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